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ESD PROTECTION CIRCUIT FOR HIGH
SPEED SIGNALING INCLUDING A SWITCH

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 USC 120
as a continuation of the copending application entitled, ESD
PROTECTION CIRCUIT FOR HIGH SPEED SIGNALING
INCLUDINGT/R SWITCHES, filed on Jun. 12, 2003 having
a Ser. No. 10/460,570, and which claims priornity to U.S.
Provisional Patent Application Ser. No. 60/465,427, filed Apr.

25, 2003, both of which are incorporated herein by reference
for all purposes.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention
This 1nvention relates generally to wireless communica-

tions systems and more particularly to wireless communica-
tion devices.

2. Description of Related Art

Communication systems are known to support wireless
and wire lined communications between wireless and/or wire
lined communication devices. Such communication systems
range from national and/or international cellular telephone
systems to the Internet to point-to-point in-home wireless
networks. Fach type of communication system 1s con-
structed, and hence operates, 1n accordance with one or more
communication standards. For instance, wireless communi-
cation systems may operate 1n accordance with one or more
standards including, but not limited to, IEEE 802.11, Blue-
tooth, advanced mobile phone services (AMPS), digital
AMPS, global system for mobile communications (GSM),
code division multiple access (CDMA), local multi-point
distribution systems (LMDS), multi-channel-multi-point dis-
tribution systems (MMDS), and/or varniations thereof.

Depending on the type of wireless communication system,
a wireless communication device, such as a cellular tele-
phone, two-way radio, personal digital assistant (PDA), per-
sonal computer (PC), laptop computer, home entertainment
equipment, et cetera communicates directly or indirectly with
other wireless communication devices. For direct communi-
cations (also known as point-to-point communications), the
participating wireless communication devices tune their
receivers and transmitters to the same channel or channels
(e.g., one of the plurality of radio frequency (RF) carriers of
the wireless communication system) and communicate over
that channel(s). For indirect wireless communications, each
wireless communication device communicates directly with
an associated base station (e.g., for cellular services) and/or
an associated access point (e.g., for an in-home or m-building
wireless network) via an assigned channel. To complete a
communication connection between the wireless communi-
cation devices, the associated base stations and/or associated
access points communicate with each other directly, via a
system controller, via the public switch telephone network,
via the Internet, and/or via some other wide area network.

For each wireless communication device to participate in
wireless communications, 1t includes a built-in radio trans-
ceiver (1.e., recerver and transmitter) or 1s coupled to an asso-
ciated radio transceiver (e.g., a station for mm-home and/or
in-building wireless communication networks, RF modem,
etc.). As 1s known, the transmitter includes a data modulation
stage, one or more intermediate frequency stages, and a
power amplifier. The data modulation stage converts raw data
into baseband signals 1n accordance with a particular wireless
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communication standard. The one or more intermediate fre-
quency stages mix the baseband signals with one or more

local oscillations to produce RF signals. The power amplifier
amplifies the RF signals prior to transmission via an antenna.

As 1s also known, the receiver 1s coupled to the antenna and
includes a low noise amplifier, one or more intermediate
frequency stages, a filtering stage, and a data recovery stage.
The low noise amplifier recerves inbound RF signals via the
antenna and amplifies then. The one or more intermediate
frequency stages mix the amplified RF signals with one or
more local oscillations to convert the amplified RF signal into
baseband signals or intermediate frequency (IF) signals. The
filtering stage filters the baseband signals or the IF signals to
attenuate unwanted out of band signals to produce filtered
signals. The data recovery stage recovers raw data from the
filtered signals 1n accordance with the particular wireless
communication standard.

Even though wireless communication devices include a
transmitter and receiver, they generally communicate 1n a half
duplex manner, 1.¢. they are either transmitting or receiving.
As such, a wireless communication device may include a
single antenna structure, which may include one antenna or a
diversity antenna structure that 1s shared by the receiver and
the transmitter of the device. To facilitate the sharing of the
antenna structure, the wireless communication device
includes at least one transmit/receive (1/R) switch.

In general the T/R switch couples either the recerver path or
the transmitter path of the wireless communication device to
the antenna structure. Since the T/R switch 1s coupling radio
frequency (RF) signals 1n the megahertz to gigahertz range,
the T/R switch must have a stable frequency response over the
frequency range of interest. As such, the T/R switch 1s gen-
erally an off chip device or is fabricated using gallium ars-
emide integrated circuit process. Neither implementation 1s
ideal for a CMOS mmplemented radio frequency integrated
circuit (RFIC).

Another1ssue with T/R switches 1s when used by a wireless
communication device that employs a diversity antenna
structure. As 1s known, a diversity antenna structure includes
two or more antennas that are physically separated (e.g. by a
quarter wave length, half wave length, or full wave length) but
receive the same signal. The antenna that receives the signal
with the largest signal strength 1s selected for use by the

wireless communication device. For a two antenna diversity
structure, the wireless communication device includes two
transmit receive switches: one to select the transmit or receive
path and the other to select the first or second antenna. In this
instance, since the RF signals are traversing two T/R
switches, the T/R switches need to be extra clean (1.e. have a
flat frequency response over the frequency range of interest
and induce very little noise) making it essential to use off chip
T/R switches or gallium arsenide integrated circuit T/R
switches 1n conjunction with a CMOS radio frequency inte-
grated circuit, which dramatically adds to the cost of a radio
frequency 1ntegrated circuait.

Therefore, a need exists for an on chip implementation of a
transmit receive switch that provides clean RF switching for
single or diversity antenna structures and provides electro-
static discharge (ESD) protection for such switches and com-
ponents thereof with minimal loading on the switch and/or
components thereof.

BRIEF SUMMARY OF THE INVENTION

The ESD circuit of the present mvention substantially
meets these needs and others. In one embodiment, an ESD

protection circuit for a transistor having a drain and source
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coupled to high-speed signaling pins of an integrated circuit
includes a first string of clamping elements and a second
string ol clamping elements. The first string of clamping
clements has a collective capacitance less than the capaci-
tance of a single clamping element. The first string of clamp-
ing elements 1s operably coupled to the drain and source of the
transistor and conducts when a first polarity ESD voltage 1s
applied to the high-speed pins. The second string of clamping
clements has a collective capacitance less than the capaci-
tance of one clamping element. The second string of clamp-
ing elements 1s operably coupled to the drain and source of the
transistor and conducts when a second polarity ESD voltage
1s applied to the high speed signaling pins. As such, ESD
protection 1s provided with minimal loading on the high speed
pins of the integrated circuit.

In another embodiment, an ESD protection circuit for a
transistor having a gate, a drain and a source coupled to
high-speed circuit includes a first string of clamping elements
and a second string of clamping elements. The first string of
clamping elements, which may be diodes, transistors, etc.,
has a collective capacitance less than the capacitance of one
clamping element. The first string of clamping elements 1s
operably coupled to the drain of the transistor and the gate of
the transistor and 1s active to turn the transistor on when a first
polarity ESD voltage 1s applied to the high-speed signaling
pins. The second string of clamping elements has a collective
capacitance less than the capacitance of a single clamping
clement. The second string of clamping elements 1s operably
coupled to the gate and the source of the transistor and acti-
vates the transistor when a second polarity ESD voltage 1s
applied to the high speed signaling pins. With such a ESD
protection circuit, the loading and the high-speed signaling
pins of the integrated circuit 1s minimal and further utilizes
the transistor to provide at least a portion of the ESD protec-
tion.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FI1G. 1 1s a schematic block diagram of a wireless commu-
nication system in accordance with the present mnvention;

FI1G. 2 1s a schematic block diagram of a wireless commu-
nication device in accordance with the present invention;

FIG. 3 illustrates a schematic block diagram of a T/R
switch module including ESD protection 1n accordance with
the present invention;

FI1G. 4 1llustrates a 'T/R switch including ESD protection in
accordance with the present invention; and

FI1G. 5 1s a schematic block diagram of a'T/R switch includ-
ing another ESD protection circuit in accordance with the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a schematic block diagram 1llustrating a commu-
nication system 10 that includes a plurality of base stations
and/or access points 12-16, a plurality of wireless communi-
cation devices 18-32 and a network hardware component 34.
The wireless communication devices 18-32 may be laptop
host computers 18 and 26, personal digital assistant hosts 20
and 30, personal computer hosts 24 and 32 and/or cellular
telephone hosts 22 and 28. The details of the wireless com-
munication devices will be described 1n greater detail with
reference to FIG. 2.

The base stations or access points 12-16 are operably
coupled to the network hardware 34 via local area network
connections 36, 38 and 40. The network hardware 34, which
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may be a router, switch, bridge, modem, system controller, et
cetera provides a wide area network connection 42 for the
communication system 10. Each of the base stations or access
points 12-16 has an associated antenna or antenna array to
communicate with the wireless communication devices 1n 1ts
area. Typically, the wireless communication devices register
with a particular base station or access point 12-14 to receive
services from the communication system 10. For direct con-
nections (1.e., point-to-point communications), wireless com-
munication devices communicate directly via an allocated
channel.

Typically, base stations are used for cellular telephone
systems and like-type systems, while access points are used
for mm-home or in-building wireless networks. Regardless of
the particular type of communication system, each wireless
communication device includes a built-in radio and/or 1s
coupled to aradio. The radio includes a highly linear amplifier
and/or programmable multi-stage amplifier as disclosed
herein to enhance performance, reduce costs, reduce size,
and/or enhance broadband applications.

FIG. 2 1s a schematic block diagram illustrating a wireless
communication device that includes the host device 18-32
and an associated radio 60. For cellular telephone hosts, the
radio 60 1s a built-in component. For personal digital assis-
tants hosts, laptop hosts, and/or personal computer hosts, the
radio 60 may be built-1n or an externally coupled component.

As 1llustrated, the host device 18-32 1ncludes a processing
module 50, memory 32, radio intertace 34, input interface 58
and output interface 56. The processing module 50 and
memory 52 execute the corresponding instructions that are
typically done by the host device. For example, for a cellular
telephone host device, the processing module 50 performs the
corresponding communication functions in accordance with
a particular cellular telephone standard.

The radio interface 54 allows data to be received from and
sent to the radio 60. For data recerved from the radio 60 (e.g.,
inbound data), the radio interface 34 provides the data to the
processing module 50 for further processing and/or routing to
the output interface 36. The output interface 56 provides
connectivity to an output display device such as a display,
monitor, speakers, et cetera such that the recerved datamay be
displayed. The radio interface 54 also provides data from the
processing module 50 to the radio 60. The processing module
50 may receive the outbound data from an iput device such
as a keyboard, keypad, microphone, et cetera via the mput
interface 58 or generate the data 1tself. For data received via
the input interface 58, the processing module 50 may perform
a corresponding host function on the data and/or route 1t to the
radio 60 via the radio interface 54.

Radio 60 includes a host interface 62, digital recerver pro-
cessing module 64, an analog-to-digital converter 66, a filter-
ing/attenuation module 68, an IF mixing down conversion
stage 70, a recerver filter 71, a low noise amplifier 72, a
transmitter/recerver switch 73, a local oscillation module 74,
memory 75, a digital transmitter processing module 76, a
digital-to-analog converter 78, a filtering/gain module 80, an
IF mixing up conversion stage 82, a power amplifier 84, a
transmitter filter module 85, and an antenna 86. The antenna
86 may be a single antenna that 1s shared by the transmit and
receive paths as regulated by the Tx/Rx switch 73, or may
include separate antennas for the transmit path and receive
path. The antenna implementation will depend on the particu-
lar standard to which the wireless communication device 1s
compliant.

The digital receiver processing module 64 and the digital
transmitter processing module 76, 1 combination with
operational instructions stored 1n memory 73, execute digital
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receiver functions and digital transmitter functions, respec-
tively. The digital recerver functions include, but are not lim-
ited to, digital intermediate frequency to baseband conver-
s10n, demodulation, constellation demapping, decoding, and/
or descrambling. The digital transmitter functions include,
but are not limited to, scrambling, encoding, constellation
mapping, modulation, and/or digital baseband to IF conver-
sion. The digital recerver and transmuitter processing modules
64 and 76 may be implemented using a shared processing
device, individual processing devices, or a plurality of pro-
cessing devices. Such a processing device may be a micro-
processor, micro-controller, digital signal processor, micro-
computer, central processing unit, field programmable gate
array, programmable logic device, state machine, logic cir-
cuitry, analog circuitry, digital circuitry, and/or any device
that manipulates signals (analog and/or digital) based on
operational instructions. The memory 75 may be a single
memory device or a plurality of memory devices. Such a
memory device may be a read-only memory, random access
memory, volatile memory, non-volatile memory, static
memory, dynamic memory, flash memory, and/or any device
that stores digital information. Note that when the processing,
module 64 and/or 76 implements one or more of its functions
via a state machine, analog circuitry, digital circuitry, and/or
logic circuitry, the memory storing the corresponding opera-
tional instructions 1s embedded with the circuitry comprising,
the state machine, analog circuitry, digital circuitry, and/or
logic circuitry.

In operation, the radio 60 receives outbound data 94 from
the host device via the host interface 62. The host interface 62
routes the outbound data 94 to the digital transmitter process-
ing module 76, which processes the outbound data 94 1n
accordance wr[h a particular wireless communication stan-
dard (e.g., IEEE 802.11a, IEEE 802.11b, Bluetooth, et cetera)
to produce digital transmission formatted data 96. The digital
transmission formatted data 96 will be a digital base-band
signal or a digital low IF signal, where the low IF typically
will be 1n the frequency range of one hundred kilohertz to a
tew megahertz.

The digital-to-analog converter 78 converts the digital
transmission formatted data 96 from the digital domain to the
analog domain. The filtering/gain module 80 filters and/or
adjusts the gain of the analog signal prior to providing it to the
IF mixing stage 82. The IF mixing stage 82 directly converts
the analog baseband or low IF signal into an RF signal based
on a transmitter local oscillation 83 provided by local oscil-
lation module 74, which may be implemented 1n accordance
with the teachings of the present invention. The power ampli-
fier 84 amplifies the RF signal to produce outbound RF signal
98, which 1s filtered by the transmitter filter module 85. The
antenna 86 transmits the outbound RF signal 98 to a targeted
device such as a base station, an access point and/or another
wireless communication device.

The radio 60 also receives an inbound RF signal 88 via the
antenna 86, which was transmitted by a base station, an access
point, or another wireless communication device. The
antenna 86 provides the inbound RF signal 88 to the recerver
filter module 71 via the Tx/Rx switch 73, where the Rx filter
71 bandpass filters the inbound RF signal 88. The Rx filter 71
provides the filtered RF signal to low noise amplifier 72,
which amplifies the signal 88 to produce an amplified
inbound RF signal. The low noise amplifier 72 provides the
amplified inbound RF signal to the IF mixing module 70,
which directly converts the amplified inbound RF signal 1nto
an mbound low IF signal or baseband signal based on a
receiver local oscillation 81 provided by local oscillation
module 74, which may be implemented 1n accordance with
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the teachings of the present invention. The down conversion
module 70 provides the inbound low IF signal or baseband
signal to the filtering/gain module 68. The filtering/gain mod-
ule 68 filters and/or gains the immbound low IF signal or the
inbound baseband signal to produce a filtered inbound signal.

The analog-to-digital converter 66 converts the filtered
inbound signal from the analog domain to the digital domain
to produce digital reception formatted data 90. The digital
receiver processing module 64 decodes, descrambles,
demaps, and/or demodulates the digital reception formatted
data 90 to recapture inbound data 92 1n accordance with the
particular wireless communication standard being imple-
mented by radio 60. The host interface 62 provides the recap-
tured mbound data 92 to the host device 18-32 via the radio
interface 54.

As one of average skill 1n the art will appreciate, the wire-
less communication device of FIG. 2 may be implemented
using one or more integrated circuits. For example, the host
device may be implemented on one integrated circuit, the
digital receiver processing module 64, the digital transmitter
processing module 76 and memory 735 may be implemented
on a second integrated circuit, and the remaining components
of the radio 60, less the antenna 86, may be implemented on
a third integrated circuit. As an alternate example, the radio 60
may be implemented on a single integrated circuit. As yet
another example, the processing module 50 of the host device
and the digital receiver and transmitter processing modules
64 and 76 may be a common processing device implemented
on a single mtegrated circuit. Further, the memory 52 and
memory 75 may be implemented on a single integrated circuit
and/or on the same integrated circuit as the common process-
ing modules of processing module 50 and the digital recerver
and transmitter processing module 64 and 76.

FIG. 3 illustrates a schematic block diagram of a transmat/
receive switch module 73 that includes ESD protection cir-
cuitry. The transmit/receive switch module 73 includes tran-
sistors 11 and T12. As shown, the drain and source of
transistors 11 and T2 are each coupled to integrated circuit
paths. The common coupling of T1 and T2 1s coupled to a
single itegrated circuit pad that 1s further coupled to anten-
nae 86. Accordingly, in operation, when the T/R control sig-
nal 102 1s 1n a first state, 11 1s activated such that the transmait
filter module 85 of the transmit path 1s coupled to antennae
86. When the T/R control signal 102 1s in a second state, the
receive filter module 71 of the recerver path 1s coupled to
antennae 86.

To provide ESD protection for each transistor T1 and T2,
four strings of clamping elements 104-110 are included. As
shown, the each string of clamping elements 104-110 may
include multiple clamping elements, such as diodes, transis-
tors, etc., to conduct when an ESD voltage 1s present across
the correspondmg integrated circuit pads. In addition, by
utilizing a string of clamping elements, the etffective capaci-
tance of the string 1s reduced 1n comparison to using a single
clamping device. For example, 11 the desired clamping volt-
age 1s approximately 2 volts, three 0.7 volt diodes may be
utilized. As one of average skill 1n the art will readily appre-
ciate, the number of clamping elements 1n the string will
depend on the desired clamping voltage and desired total
capacitance. Further, by utilizing a string of clamping ele-
ments, the total capacitance 1s reduced 1n comparison to that
of a single device such that the loading across the integrated
circuit paths 1s substantially reduced. As such, for high fre-
quency application, such as radio frequencies 1n the range of
a few hundred megahertz to multiple gigahertz, the reduced
loading effect of ESD circuitry 1s beneficial and enhances the
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overall performance during normal operating modes and yet
provides the desired ESD protection during adverse ESD
conditions.

As shown, T11s protected by the first string 108 and second
string 110. Accordingly when a first polarity of the ESD
voltage 1s present, the first string 108 may conduct clamping
the voltage across T1 to that of the voltage across the con-
ducting first sting 108. Conversely, when a second polarity
ESD voltage 1s present, the second string 110 conducts
clamping the voltage across T1 to the cumulative forward
biased voltage of the clamping elements in the second string,
110. The third string 104 and fourth string 106 provide similar
clamping for the second transistor T2. As one of average skill
in the art will appreciate, the clamping elements 1n the strings
of clamping elements 104-110 may include diodes, transis-
tors and/or any other element that provides a clamping func-
tion.

FIG. 4 1s a schematic block diagram of the T/R switch
module 73 with alternate ESD protection circuitry. In this
illustration, the strings of clamping clements 104-110 are
coupled between the drain and gate and the source and gate of
the corresponding transistors. For instance, the first string of
clamping elements 108 1s coupled between the drain and gate
of T1, the second string of clamping elements 110 1s coupled
between the source and gate of transistor 11, the third string,
of clamping elements 104 1s coupled between the source and
gate of T2, and the fourth string of clamping elements 106 1s
coupled between the drain and gate of transistor 12. In this
instance, when a first polarity ESD voltage 1s present, the first
string 108 1s conductive thereby enabling transistor T1 to
provide the corresponding clamping between the first and
second integrated circuit paths. Conversely, when a second
polarity ESD voltage 1s present the second string 110 1s active
to enable transistor T1 to again provide the clamping between
the mtegrated circuit pads. The third and fourth strings 104
and 106 provide similar enablement and corresponding
clamping of T2 when the first polarity or second polarity ESD
event occurs.

FIG. 5 illustrates the transmit/receive switch module 73
including a combination of the ESD protection 1llustrated 1n
FIG. 3 and FIG. 4. As shown, the first and second strings 108
and 110 may provide clamping directly from the integrated
circuit pads for transistor T1. As also shown, the third and
tourth strings 104 and 106 may provide the ESD protection
that utilizes the transistor T2 as part of the clamping circuit.
As one of average skill in the art will appreciate, the alternate
configuration may be implemented where the first and second
strings utilize T1 to assist in the ESD protection and the third
and fourth strings provide the clamping between the corre-
sponding integrated circuit paths.

The preceding discussion has presented an ESD protection
circuit for transistors that are coupled to high-speed signaling
pins of an integrated circuit. Such an ESD protection circuit s
particularly suited for an on chip transmit/receive switch that
includes transistors. As one of average skill in the art will
appreciate, other embodiments may be denived from the
teaching of the present invention without deviating from the
scope of the claims.

What 1s claimed 1s:

1. A switch operably coupled to a first signal port, a second
signal port and a third signal port of an integrated circuit, the
switch comprising:

a first switching element and a second switching element
that cooperate to switch between a {irst state and a sec-
ond state in response to at least one control signal,
wherein the first signal port 1s coupled to the second
signal port and decoupled from the third signal port 1n
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the first state, and the first signal port 1s decoupled from

the second signal port and coupled to the third signal port

in the second state;

a first string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the first string of clamping elements, wherein
the first string of clamping elements 1s operably coupled
to the first switching element and to conduct when a first
polarity ESD voltage 1s applied to the high-speed signal
pins;

a second string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the second string of clamping elements, wherein
the second string of clamping elements 1s operably
coupled to the first switching element and to conduct
when a second polarity ESD voltage 1s applied to the
high-speed signal pins;

a third string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the third string of clamping elements, wherein
the third string of clamping eclements i1s operably
coupled to the second switching element and to conduct
when the first polarity ESD voltage 1s applied to the
high-speed signal pins; and

a fourth string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the fourth string of clamping elements, wherein
the fourth string of clamping eclements 1s operably
coupled to the second switching element and to conduct
when the second polarity ESD voltage 1s applied to the

high-speed signal pins.

2. The switch of claim 1, wherein each clamping element of
the first, second, third, and fourth strings of clamping ele-
ments further comprises at least one of: a diode and a transis-
tor.

3. The switch of claim 1, wherein at least one clamping,
clement of the first string of clamping elements further com-
prises at least one of: a diode and a transistor.

4. The switch of claim 1, wherein at least one clamping
clement of the second string of clamping elements further
comprises at least one of: a diode and a transistor.

5. The switch of claim 1, wherein at least one clamping
clement of the third string of clamping elements further com-
prises at least one of: a diode and a transistor.

6. The switch of claim 1, wherein at least one clamping
clement of the fourth string of clamping elements further
comprises at least one of: a diode and a transistor.

7. A switch operably coupled to a first signal port, a second
signal port and a third signal port of an integrated circuit, the
switch comprises:

a first switching element and a second switching element
that cooperate to switch between a first state and a sec-
ond state in response to at least one control signal,
wherein the first signal port 1s coupled to the second
signal port and decoupled from the third signal port in
the first state, and the first signal port 1s decoupled from
the second signal port and coupled to the third signal port
in the second state;

a first string ol clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the first string of clamping elements, wherein
the first string of clamping elements 1s operably coupled
to activate the first switching element when a first polar-
ity ESD voltage 1s applied to the high-speed signal pins;

a second string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the second string of clamping elements, wherein
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the second string of clamping elements 1s operably
coupled to activate the first switching element when a
second polarity ESD voltage 1s applied to the high-speed
signal pins;

a third string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the third string of clamping elements, wherein
the third string of clamping eclements 1s operably
coupled to activate the second switching element when
the first polarity ESD voltage 1s applied to the high-
speed signal pins; and

a fourth string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the fourth string of clamping elements, wherein
the fourth string of clamping eclements 1s operably
coupled to activate the second switching element when
the second polarity ESD voltage 1s applied to the high-
speed signal pins.

8. The switch of claim 7, wherein each clamping element of
the first, second, third, and fourth strings of clamping ele-
ments further comprises at least one of: a diode and a transis-
tor.

9. The switch of claim 7, wherein at least one clamping
clement of the first string of clamping elements further com-
prises at least one of: a diode and a transistor.

10. The switch of claim 7, wherein at least one clamping
clement of the second string of clamping elements further
comprises at least one of: a diode and a transistor.

11. The switch of claim 7, wherein at least one clamping
clement of the third string of clamping elements further com-
prises at least one of: a diode and a transistor.

12. The switch of claim 7, wherein at least one clamping
clement of the fourth string of clamping elements further
comprises at least one of: a diode and a transistor.

13. A switch operably coupled to high-speed signal pins of
an integrated circuit, the switch comprises:

a first switching element and a second switching element
that cooperate to switch between a first state and a sec-
ond state 1n response to at least one control signal,
wherein the first signal port 1s coupled to the second
signal port and decoupled from the third signal port in
the first state, and the first signal port 1s decoupled from

the second signal port and coupled to the third signal port
in the second state;
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a first string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the first string of clamping elements, wherein
the first string of clamping elements 1s operably coupled
to the first switching element and to conduct when a first
polarity ESD voltage 1s applied to the high-speed signal
pins;

a second string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the second string of clamping elements, wherein
the second string of clamping elements 1s operably
coupled to the first switching element and to conduct
when a second polarity ESD voltage 1s applied to the
high-speed signal pins;

a third string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the third string of clamping elements, wherein
the third string of clamping elements 1s operably
coupled to activate the second switching element when
the first polarity ESD voltage 1s applied to the high-
speed signal pins; and

a fourth string of clamping elements having a collective
capacitance less than capacitance of one clamping ele-
ment of the fourth string of clamping elements, wherein
the fourth string of clamping eclements i1s operably
coupled to activate the second switching element when
the second polarity ESD voltage 1s applied to the high-
speed signal pins.

14. The switch of claim 13, wherein each clamping element
of the first, second, third, and fourth strings of clamping
clements further comprises at least one of: a diode and a
transistor.

15. The switch of claim 13, wherein at least one clamping
clement of the first string of clamping elements further com-
prises at least one of: a diode and a transistor.

16. The switch of claim 13, wherein at least one clamping
clement of the second string of clamping elements further
comprises at least one of: a diode and a transistor.

17. The switch of claim 13, wherein at least one clamping
clement of the third string of clamping elements further com-
prises at least one of: a diode and a transistor.

18. The switch of claim 13, wherein at least one clamping
clement of the fourth string of clamping elements further
comprises at least one of: a diode and a transistor.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

